The present study compared the prognostic value of the modified Glasgow prognostic score (mGPS) and high-sensitivity mGPS (HS-mGPS) in unresectable locally advanced esophageal squamous cell carcimona (LAESCC) patients treated with concurrent chemoradiotherapy (CCRT). The baseline data of 163 eligible patients were retrospectively collected. Patients with a C-reactive protein (CRP) ≤ 10 mg/l and albumin ≥ 35 g/l were allocated to mGPS-0 group. Patients with only elevated CRP (> 10 mg/l) were assigned to mGPS-1 group. Patients who had both elevated CRP (> 10 mg/l) and hypoalbuminurea (< 35 g/l) were assigned to mGPS-2 group. The HS-mGPS was calculated based on cutoff values of 3mg/l for CRP and the same value (35 g/l) for albumin. Prognostic significance for both tumor response and overall survival (OS) was analyzed by univariate and multivariate analysis. The mGPS was 0 in 95 patients, 1 in 28 patient and 2 in 40 patients. In contrast, the HS-mGPS was 0 in 66 patients, 1 in 47 patients and 2 in 50 patients. In multivariate analysis, the HS-mGPS was the only positive factor for tumor response (P = 0.015). Both the mGPS (P < 0.001) and HS-mGPS (P < 0.001) were good prognostic predictors for OS. However, the HS-mGPS was found to be a superior prognostic predictor compared to the mGPS in a multivariate analysis (P = 0.006). In conclusion, the pretreatment HS-mGPS is a strong prognosticator superior to the mGPS for both tumor response and OS in LAESCC patients who received CCRT.
INTRODUCTION
Esophageal squamous cell carcinoma (ESCC) is a common malignancy with a high burden of morbidity and mortality in China. More than 50% ESCC patients are diagnosed at the advanced stages [1] . Concurrent chemoradiotherapy (CCRT) has been widely accepted as a valuable curative treatment option for locally advanced ESCC (LAESCC) patients who choose non-surgical management [2] . However, the long-term survival rate of LAESCC patients remains dismal with no better than 20%. Therefore, there is continuing momentum in finding effective prognostic factors that could facilitate accurate patient stratification, and further improve therapeutic outcomes.
The modified Glasgow prognostic score (mGPS) is calculated based on the serum concentrations of C-reactive protein (CRP; cutoff value: 10 mg/l) and albumin (ALB;
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cutoff value: 35 mg/l) levels, which focusing on systemic inflammation and nutritional status in cancer patients. It has been validated as an independent prognostic factor in various malignancies including esophageal cancer [3] . Accompany with the advancement of laboratory measurements, some experts have suggested that a lower threshold for CRP (cutoff value: 3 mg/l) may enhance the prognostic value of the mGPS in cancer patients, and a highsensitivity mGPS (HS-mGPS) has been proposed [4] [5] [6] [7] .
To date, there is a paucity of studies in the literature clarifying the prognostic effects of mGPS and HSmGPS in predicting treatment response and prognosis in unresectable LAESCC patients who received CCRT. Therefore, the purposes of this study were: (1) to determine the impact of mGPS and HS-mGPS on tumor response; (2) to assess the prognostic effect of mGPS and HS-mGPS on overall survival (OS); (3) to compare the prognostic efficiency of mGPS and HS-mGPS in LAESCC patients.
RESULTS

Patient characteristics
Of the 163 LAESCC patients, the median age at diagnosis was 57 years (range, 31-79 years), and 134 patients were male while another 29 were female. Approximately 83.4% (n = 136) of patients were diagnosed with stages III-IV. 70 patients had an ECOG PS score of 0-1 and 114 patients received CCRT based on TP regimen. In total, 95 patients had an mGPS of 0, 28 had an mGPS of 1, and 40 had an mGPS of 2. The mGPS was significantly correlated with N stage (P = 0.047), M stage (P < 0.001), clinical stage (P = 0.002), BMI (P = 0.024) and treatment modality (P = 0.040). In contrast, 66 had an HS-mGPS of 0, 47 had an HS-mGPS of 1, and 50 had an HS-mGPS of 2. The HS-mGPS was significantly correlated with N stage (P = 0.038), M stage (P < 0.001), clinical stage (P < 0.001), and BMI (P = 0.015). Similar to the mGPS, an increase in the HSmGPS was associated with more progressive disease and pretreatment malnutrition (Table 1) .
Predictive factors for the treatment response
The treatment response was evaluated according to RECIST. CR was observed in 34 (20.9%), PR in 45 (27.6%), SD and PD in 84 (51.5%) patients, which yielded an objective response rate (ORR) of 48.5%. Univariate analysis of predictive factors for the response to CCRT showed that mGPS (P = 0.005) and HS-mGPS (P = 0.001) were strongly correlated with a better treatment response (Table 2 ). Other variables associated with an ORR were the T stage (P = 0.014), N stage (P = 0.010), clinical stage (P = 0.003) and tumor length (P = 0.011). Moreover, patients who received CCRT based on TP regimen showed a better ORR than patients who received PF regimen (P = 0.022). Multivariate analysis identified HS-mGPS as the only independent predictive factor for ORR (P = 0.015) ( Table 2 ).
Prognostic impact of mGPS and HS-mGPS for OS
The median OS time was 17.1 ± 1.4 months (95% CI: 14.4-19.9) for the whole population. The 1-and 3-year OS rates were 63.9% (95% CI: 0.565-0.713) and 20.9% (95% CI: 0.144-0.274), respectively. KaplanMeier survival analysis was then performed to evaluate the differences in prognostic impact between mGPS and HS-mGPS. Increases in mGPS were correlated with unfavorable OS (0 vs. 1, P < 0.001; 0 vs. 2, P < 0.001; 1 vs. 2, P = 0.006) ( Figure 1A ). In the same way, an elevated HS-mGPS was also significantly associated with reduced OS (0 vs. 1, P = 0.005; 0 vs. 2, P < 0.001; 1 vs. 2, P < 0.001; Figure 1B ). In the subgroup analysis of mGPS0 group, 29 patients (19 in HS-mGPS 1 and 10 in HS-mGPS 2) were identified with a migrated high HSmGPS. Survival analysis also demonstrated a significantly decreased OS among these patients (0 vs. 1, P = 0.920; 0 vs. 2, P < 0.001; 1 vs. 2, P = 0.001; Figure 2 ).
Univariate analysis identified that ECOG PS (P = 0.001), T stage (P < 0.001), N stage (P < 0.001), clinical stage (P < 0.001), tumor length (P = 0.004), BMI (P = 0.002), treatment modality (P < 0.001), mGPS (P < 0.001), HS-mGPS (P < 0.001) and tumor response (P < 0.001) were potentially prognostic factors for OS (Table 3 ). In the multivariate analysis, the factors associated with OS in the HS-mGPS model were: T stage ( P = 0. 
DISCUSSION
A major limitation of the present prognostic instruments, e.g. the Karnofsky performance status (KPS), the Eastern Cooperative Oncology Group (ECOG PS), and Palliative PS, is a reliance on subjective clinical measurements. Therefore, at the beginning of this century, Forrest et al. reported the first study, which combined routine objective markers of the systemic inflammatory response (CRP and ALB, termed as GPS), and showed superiority than the clinical standard combination of TNM system and ECOG PS on survivals in various cancer types [8] [9] [10] [11] . Subsequent investigations further refined this inflammation-based prognostic system to mGPS and HS-mGPS (detailed in Figure 3 ). As demonstrated in this study, although both the mGPS (P < 0.001) and HS-mGPS (P < 0.001) were strong prognostic predictors for OS in LAESCC patients who received CCRT, only the HS-mGPS was a positive factor for tumor response (P = 0.015). In addition, the HS-mGPS was found to be a superior prognostic predictor compared to the mGPS for OS in multivariate analysis (P = 0.006).
Recently, there has been an increasing discussion about the prognostic values of GPS and its derivatives in esophageal cancer. Kimuria et al. reviewed 142 stages III-IV ESCC patients receiving CCRT based on PF regimen. ORR was documented in 84 patients (59.2%). In logistic regression analysis, they found that GPS was one of the independent predictors of response to CCRT (P = 0.002). Furthermore, GPS was also a strong prognostic indicator for disease-specific survival (P = 0.002) and progressionfree survival (P = 0.002) in their study [12] . Zhang et al. evaluated the potential prognostic significance of the mGPS and another hotly investigated inflammation-based prognostic score titled NLR (neutrophil/lymphocyte ratio) in 212 inoperable ESCC patients who received CCRT [13, 14] . Their results showed that the 3-year OS rate for the entire cohort was 24.6% with the median OS time for all patients was 17.0 months, which was quite consistent with our results. In multivariate analysis, mGPS (P < 0.001; HR 1.694, 95% CI: 1.350-2.126) was found to be one of the three independent prognostic factors affecting OS and the other two predictors were T stage and M stage. Receiver operating characteristic (ROC) curve also verified that the predictive ability of the mGPS was superior to that of the NLR (P = 0.048). Although Proctor et al. had already confirmed that the HS-mGPS could enhance the prognostic values of the GPS and mGPS in a large cohort of patients (n = 12,119) with cancer [4] , there are very fewer data on the application of HS-mGPS in esophageal cancer patients who received CCRT. Of the 163 unresectable LAESCC patients in this study, both the higher scores of mGPS and HS-mGPS were significantly correlated with more progressive diseases and pretreatment malnutrition. It is interesting to note that, for the 95 patients in the mGPS-0 group, 29 patients migrated to the high score group according to the HS-mGPS criterion and due to this migration, the HS-mGPS could reflect the prognosis more sensitively than the mGPS (P = 0.006, Figure 2) . Results of the current study are in agreement with those of previous reports. In a large sample retrospective study, 552 resectable gastric cancer patients were reviewed and compared the prognostic significance of the preoperative mGPS and HS-mGPS. Although both the mGPS and HSmGPS were good prognosticators (both P < 0.001) for OS, the HS-mGPS was found to be a superior prognostic predictor compared to the mGPS in multivariate Cox regression analysis (P = 0.0002; HR 1.6748, 95% CI: 1.2867-2.1314) [5] . In another study which compared the prognostic value of the GPS, mGPS, HS-mGPS and other inflammation-based markers in 327 patients with resectable non-small cell lung cancer, results also supported that HS-mGPS (P = 0.016; HR 2.777, 95% CI: 1.210-6.374) was an independent prognostic factor than GPS and mGPS for OS [6] . Taken together, there is a possibility that HS-mGPS is a more suitable prognostic marker for LAESCC patients who received CCRT than mGPS.
A major limitation of the present study is its confinement to the retrospective design. Although we conducted this analysis in multiple cancer centers, some potential factors might have influences on the results. Large-scale prospective study is highly warranted in the future.
In conclusion, HS-mGPS is an objective, independent predictive factor for treatment response in LAESCC patients receiving CCRT and a better prognostic indicator for OS than mGPS.
MATERIALS AND METHODS
Study population
The present study was conducted between January 2011 and December 2014 at three endemic areas of ESCC in China (Department of Radiation Oncology, Hangzhou Cancer Hospital; Department of Radiation Oncology, Zhejiang Provincial People's Hospital; Department of Radiation Oncology, The First Affiliated Hospital of Wenzhou Medical University). Written informed consents were obtained from all the patients and the Ethic Committees of all participating cancer centers approved for data analysis (Hangzhou Cancer Hospital, Zhejiang Provincial People's Hospital and The First Affiliated Hospital of Wenzhou Medical University).
In total, 163 patients with cytopathologically confirmed primary ESCC were retrospectively collected. The exclusion criterias were as follows: I). early-stage esophageal cancer or adenocarcinoma of the esophagus; II). patients who received previous anti-inflammatory drugs within 1 week; III). incomplete data of pretreatment CRP and ALB.
Pretreatment work-up
The pretreatment work-up included complete history collection, physical examination, electrocardiography, and blood tests (CRP concentrations were immunoturbidimetrically measured using a Roche clinical chemistry assay (Roche Diagnostics, Belleville, NJ, USA). ALB was quantified using automatic biochemical analyzer (Beckman Coulter AU5800, Beckman Coulter, Fullerton, CA, USA). The extent of disease evaluation included endoscopy of the esophagus, barium swallowing, computed tomography (CT) and positron emission tomography/CT (PET/CT, if available). Bone scans were performed if clinically indicated. Clinical stages (II-IVa) were diagnosed according to the 6th edition of the American Joint Committee on Cancer TNM staging system.
Blood test results within 1 week before radiotherapy were used as an evaluation of the mGPS and HS-mGPS. In addition, the measurements of CRP were repeated after 5-7 days if there were signs of infection including fever (> 38°C) or white blood cell count ≥ 10,000/mm 3 . The lowest serum CRP level was then used for analysis. The score of mGPS was defined as follows: patients with both an elevated CRP level (> 10 mg/l) and hypoalbuminemia ( < 35 mg/l) were allocated a score of 2; patients in whom with only an abnormal CRP level were given a score of 1 and those with a normal CRP level (≤ 10 mg/l) were given a score of 0. In terms of HS-mGPS, the cutoff value of CRP was decreased to 3 mg/l. In addition, a patient's BMI was calculated and classified according to the Asianspecific BMI cutoff values as follows: underweight ( < 18.5 kg/m 2 ); normal weight (18. ) at day 1 of every 28-day cycle. In total, 106 patients (65.0%) received three-dimensional conformal radiotherapy (3D-CRT) and 57 patients were treated with intensitymodulated radiation therapy (IMRT). The preplanned radiation dose was 54.0-60.0 Gy, which was given as 30 fractions of 1.8-2.0 Gy once-daily fractions for 5 days per week. Treatment volumes (GTV, CTV and PTV) and dosevolume constraints of normal tissues have been described elsewhere [16] . Dose modification or suspension of treatment was considered if any grade 4 toxicities occurred and restarted when toxicities recovered to grades ≤ 2.
Treatment assessment and follow-up
Clinical response was assessed according to the RECIST (Response Evaluation Criteria in Solid Tumors) system 4-6 weeks after the completion of treatment. The National Cancer Institute Common Toxicity Criteria (Version 4.0) was used to score acute treatment toxicity. Follow-up modalities included physical examination, blood tests, upper endoscopy, enhanced CT of the neck (mandatory for cervical esophageal cancer), chest, abdomen, and pelvis. Patients were followed up every 3 months for the first year, every 6 months for the second year, and then on a yearly basis.
Statistical analysis
The cutoff date of the last follow-up was June 30, 2017 for the censored data analysis. χ 2 test and MannWhitney U test were used to compare noncontinuous data as appropriate. OS was determined from the date of CCRT initiation to the last follow-up or to the date of death. Survival curves were generated using the Kaplan-Meier method and compared with the log-rank test. Tumor response was categorized as 1 (Responder: complete response [CR] and partial response [PR]) and 2 (Nonresponder: stable disease [SD] and progressive disease [PD] ) for the purpose of analysis. A univariate analysis was performed to identify the predictive factors for the response to CCRT on one hand and to OS on the other hand. Variables identified with a 2-sided P value < 0.05 on univariate analysis were included in the multivariate analyses. Multivariate analysis of the predictive factors for the response to CCRT was performed using binary logistic regression with calculation of the hazard ratio (HR) and a 95% CI. Multivariate analysis of the predictive factors of OS was performed using a Cox regression model. A P value of < 0.05 was considered as statistically significant. All statistical analyses were conducted using IBM SPSS for Windows version 22.0 (SPSS, Armonk, New York, USA).
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